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(54) Vehicle warning apparatus for generating warning signal depending upon operator's brake 
operating characteristics 



(57) Warning apparatus for an automotive vehicle, 
operable to generate a warning signal when a distance 
between the vehicle (40) and an object (42) in front of 
the vehicle is shorter than a predetermined threshold 
value, the apparatus including a characteristic-value 
storage portion (14) which stores at least one charac- 
teristic-value relationship between at least two of a plu- 
rality of brake operating characteristic values (TO, TO', 
Kb) relating to a braking operation by an operator of the 



vehicle (40) to brake the vehicle, and a threshold-value 
determining portion (1 0, S3) operable to determine the 
threshold value (Dw) of the distance (D), on the basis of 
at least one of an estimated braking state of the vehicle 
(40) estimated on the basis of the characteristic-value 
relationship stored in the characteristic-value storage 
portion, a running-state quantity indicative of a running 
state of the vehicle, and a moving-state quantity indic- 
ative of a moving state of the object (42). 
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Description 

[0001] This application is based on Japanese Patent Application Nos. 2000-357254 filed on November24, 2000 and 
2001 -27301 5 filed on September 1 0, 2001 , the contents of which are incorporated hereinto by reference. 

5 

BACKGROUND OF THE INVENTION 
Field of the Invention 
10 [0002] The present invention relates to a warning apparatus. 
Discussion of Related Art 

[0003] JP-A-6-231 400 discloses a warning apparatus provided on an automotive vehicle to generate a warning signal 
is or an alarm indication when a distance between the vehicle and an object in front of the vehicle has become shorter 
than a predetermined threshold value. In this warning apparatus, the threshold value of the distance is determined on 
the basis of a running speed, a free running time and a maximum deceleration value of the vehicle. The free running 
time and maximum deceleration value of the vehicle are set or determined for a specific operator or driver of the vehicle, 
on the basis of empirical data indicative of braking conditions of the vehicle in which the vehicle was braked by the 
so specific operator in the past. Accordingly, the warning apparatus disclosed in the above-identified publication is capable 
of generating the warning signal at a timing that suits the particular vehicle operating or driving characteristic or habit 
of the specific operator. 

SUMMARY OF THE INVENTION 

25 

[0004] It is therefore an object of the present invention to provide a warning apparatus provided on an automotive 
vehicle, which generates a warning signal at a timing that better suits a particular vehicle operating characteristic or 
habit of a specific operator of the vehicle, than the warning apparatus disclosed in the publication identified above. 
[0005] The above object may be achieved according to any one of the following modes of the present invention in 

30 the form of a warning apparatus. Each of the following modes of the invention is numbered like the appended claims 
and depends from the other mode or modes, where appropriate, to indicate and clarify possible combinations of ele- 
ments or technical features. It is to be understood that the present invention is not limited to the technical features or 
any combination thereof which will be described for illustrative purpose only. It is to be further understood that a plurality 
of elements or features included in any one of the following modes of the invention are not necessarily provided all 

35 together, and that the invention may be embodied without some of the elements or features described with respect to 
the same mode. 

[0006] (1 ) A warning apparatus for an automotive vehicle, operable to generate a warning signal when a distance 
between the vehicle and an object existing in front of the vehicle is shorter than a predetermined threshold value, 
comprising: 

40 

a characteristic-value storage portion which stores at least one characteristic-value relationship between at least 
two of a plurality of brake operating characteristic values relating to a braking operation by an operator of the 
vehicle to brake the vehicle; and 

a threshold-value determining portion operable to determine the threshold value of the distance, on the basis of 
45 at least one of: an estimated braking state of the vehicle estimated on the basis of the at least one characteristic- 

value relationship stored in the characteristic-value storage portion; a running-state quantity indicative of a running 
state of the vehicle; and a moving-state quantity indicative of a moving state of said object. 

[0007] The warning apparatus according to the above mode (1) is arranged to generate a warning signal or provide 
so a warning indication when the actual distance between the automotive vehicle in question (hereinafter referred to as 
"present vehicle") and the object in front of the present vehicle (e.g., a front vehicle running in front of the present 
vehicle, or a stationary object) has become smaller than the predetermined threshold value. In the present warning 
apparatus, the threshold value of the actual distance is determined on the basis of at least one of the estimated braking 
state of the present vehicle estimated on the at least one characteristic-value relationship between at least two brake 
55 operating characteristic values relating to the vehicle operator's braking operation to brake the present vehicle, the 
running-state quantity indicative of the running state of the present vehicle, and the moving-state quantity indicative 
of the moving state of the object. This arrangement permits the warning apparatus to generate the warning signal at 
a timing that better suits the specific brake operating characteristic or habit of the vehicle operator, than in the known 
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warning apparatus. 

[0008] Each characteristic-value relationship used is a relationship between two brake operating characteristic values 
relating to the vehicle operator's operation to apply a normal brake to the vehicle during normal running of the vehicle 
or to apply an emergency brake to the vehicle. The at least one characteristic-value relationship is selected depending 

5 upon the object of generating the warning signal. Each characteristic-value relationship used by the threshold-value 
determining portion may be determined either theoretically or experimentally. The case of the theoretical determination 
may be based on an human-oriented engineering technology. The characteristic-value relationship may be either held 
constant, or changed depending upon the running state of the present vehicle and the state of the roadway surface 
on which the present vehicle is running. Further, the characteristic-value relationship may be updated by a learning 

10 compensation technique. The at least one characteristic-value relationship may consist of only one relationship be- 
tween two brake operating characteristic values, or at least two characteristic-value relationships among three or more 
brake operating characteristic values. In the latter case, the at least two characteristic-value relationships may consist 
of two or more relationships of one brake operating characteristic value with the other brake operating characteristic 
values, or two or more relationships of two or more brake operating characteristic values with respective two or more 

's other brake operating characteristic values. Alternatively, two or more characteristic-value relationships are determined 
by each other in connection with each other, such that one brake operating characteristic value is related to another 
characteristic value, and a further characteristic value is related to the above-indicated one characteristic value, and 
so on. 

[0009] The running-state quantity may include the running speed and/or acceleration value of the present vehicle, 
so and the moving-state quantity of the object may similarly include the moving speed and/or acceleration value of the 
object. Where the running-state quantity include both of the running speed and acceleration value of the present vehicle 
while the moving-state quantity include both of the moving speed and acceleration value of the object, it is possible to 
obtain a relative speed and a relative acceleration value of the present vehicle and the object. 
[0010] (2) A warning apparatus according to the above mode (1), wherein the characteristic-value storage portion 
as stores at least two characteristic-value relationships of one of the plurality of brake operating characteristic values with 
respective at least two other characteristic values of the plurality of brake operating characteristic values, and the 
threshold-value determining portion is operable to estimate at least two braking-state quantities indicative of a braking 
state of the present vehicle, on the basis of the above-indicated one brake operating characteristic value and the 
characteristic-value relationships. 
30 [0011] In the warning apparatus according to the above mode (2), the characteristic-value storage portion stores at 
least two characteristic-value relationships of one brake operating characteristic value with the other brake operating 
characteristic values. Accordingly, at least two braking-state quantities of the present vehicle can be obtained on the 
basis of the above-indicted one brake operating characteristic value and the at least two characteristic-value relation- 
ships. 

35 [0012] (3) A warning apparatus according to the above mode (1) or (2), wherein the characteristic-value storage 
portion stores at least one characteristic-value relationship selected from a plurality of relationships between or among 
at least two of (a) an operating-speed quantity relating to a speed of the braking operation by the operator to brake the 
vehicle; (b) a vehicle-deceleration quantity indicative of a deceleration value relating to the vehicle as a result of the 
braking operation by the vehicle to brake the vehicle; and (c) a relative-position quantity relating to a relative position 

40 between the vehicle and the object upon the braking operation. 

[0013] In the warning apparatus according to the above mode (3), the characteristic-value storage portion stores at 
least one of: (i) a relationship between the operating-speed quantity and the vehicle-deceleration quantity; (ii) a rela- 
tionship between the operating-speed quantity and the relative-position quantity; (iii) a relationship between the vehicle- 
deceleration quantity and the relative-position quantity; and (iv) a relationship among the operating-speed quantity, the 

45 vehicle-deceleration quantity and the relative-position quantity. 

[0014] For instance, the operating-speed quantity may be a speed value or values relating to an operation of a 
manually operable brake operating member by the vehicle operator. For example, the operating-speed quantity includes 
a statistically processed value of one or both of (i) a speed of switching of the vehicle operator from an operation of 
an accelerator pedal of the vehicle to an operation of the brake operating member (brake pedal), and (ii) a speed of 

50 operation of the brake operating member. The operating-speed quantity may include a required time of the operator's 
braking operation, and/or a rate of increase of the above-indicated speed of the braking operation. In this respect, it 
is noted that the required time decreases with an increase of the speed of the operator's braking operation, and that 
the rate of increase of the above-indicated speed increases with the increase of the speed of the operator's braking 
operation. 

55 [0015] As described below, the operating-speed quantity is determined by the vehicle operator, that is, by the mental 
factors and locomotive capacity of the vehicle operator. For instance, a hasty or prompt vehicle operator tends to 
perform the braking operation at a higher speed than a gentle or slow vehicle operator, and a vehicle operator who 
likes to drive a vehicle in a sporty fashion tends to perform the braking operation at a higher speed than a vehicle driver 
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who likes to drive a vehicle in a steady fashion. Further, the upper limit of the speed of the braking operation may be 
determined by the locomotive capacity of the vehicle operator. In addition, the speed of the braking operation of the 
same operatortends to be higher when the operator is relatively strained ortense than when the operator is not relatively 
relaxed. Thus, the operating-speed quantity consists of at lest one value suitable for accurate evaluation of the mental 

s states or factors and locomotive capacity of the specific vehicle operator. 

[0016] The vehicle-deceleration quantity includes not only a deceleration value of the present vehicle per se, but 
also amounts of operation of the brake operating member by the vehicle operator, such as the operating force and 
stroke, a braking force produced as a result of the operator's operation of the brake operating member, and a ratio of 
utilization of the friction force between the vehicle wheels and the roadway surface. For instance, the ratio of utilization 

10 of the friction force may be represented by a ratio of the actual deceleration value of the present vehicle to a maximum 
deceleration value which is determined by the friction coefficient of the roadway surface. While the actual deceleration 
value of the vehicle is lower than the maximum deceleration value, the actual deceleration value increases with an 
increase of the amount of operation of the brake operating member, and therefore the ratio of utilization of the friction 
force increases with the increase of the amount of operation of the brake operating member. When the friction coefficient 

is of the roadway surface is relatively low, the maximum deceleration value is relatively low. In this case, the vehicle 
operator generally adjusts the operating amount of the brake operating member so that the actual deceleration value 
does not exceed the relatively low maximum deceleration value. Accordingly, the actual deceleration value of the 
vehicle increases with an increase of the operating amount of the brake operating member. When the friction coefficient 
of the roadway surface is relatively low, the ratio of utilization of the friction force is generally higher than when the 

20 friction coefficient is relatively high. However, the actual deceleration value and the ratio of utilization of the friction 
force increase as the operating amount of the brake operating member is increased. In this respect, the ratio of utilization 
of the friction force can be used as the vehicle-deceleration quantity. The actual deceleration value of the present 
vehicle for a given value of the friction coefficient of the roadway surface can be obtained on the basis of the ratio of 
utilization of the friction force. However, the actual deceleration values for different values of the friction coefficient of 

25 the roadway surface cannot be obtained on the basis of only the ratio of utilization of the friction force. Where the ratio 
of utilization of the friction force and the friction coefficient of the roadway surface are both known, the actual deceler- 
ation value of the vehicle can be obtained. Therefore, the ratio of utilization of the friction force and the friction coefficient 
of the roadway surface may preferably be used as the vehicle-deceleration quantity. 

[0017] The relative-position quantity may include a distance between the distance between the present vehicle and 
30 the object in front of the present vehicle, and a state of change of this distance. The distance between the vehicle and 
the front object may be an absolute distance, or a distance as felt by the vehicle operator. Even when the actual distance 
between the present vehicle and the object is constant, the distance as felt by the vehicle operator is shorter than the 
actual distance, where the relative speed between the vehicle and the object (the speed at which the present vehicle 
is approaching the object) or the running speed of the present vehicle is relatively high. The distance as felt by the 
35 vehicle operator may be obtained by dividing the distance between the vehicle and the object, by the running speed 
of the vehicle or the speed at which the vehicle is approaching the object. The state of change of the distance may 
include the relative speed of the vehicle and the front object, and the relative acceleration value (a rate at which the 
vehicle and the object are moving toward or away from each other). 

[0018] Between the operating-speed quantity and the vehicle-deceleration value, there is a relationship ortendency 

40 that a vehicle operator having a relatively high speed of the braking operation has a relatively high deceleration value 
of the vehicle, while a vehicle operator having a relatively low speed of the braking speed has a relatively low decel- 
eration value of the vehicle. Between the operating-speed quantity and the relative-position quantity, on the other hand, 
there is a relationship ortendency that the vehicle operator having a relatively high speed of the braking operation has 
a relatively short distance between the present vehicle and the front object, while the vehicle operator having a relatively 

45 low speed of the braking operation has a relatively long distance between the vehicle and the object. These relationships 
or tendencies were confirmed by experiments. Accordingly, the determination of the threshold value of the distance 
on the basis of these tendencies permits the warning apparatus to generate a warning signal at a timing that best suits 
the specific brake operating characteristic or habit of the particular operator of the vehicle. 
[0019] (4) A warning apparatus according to any one of the above modes (1)-(3), wherein the characteristic-value 

so storage portion stores at least one characteristic-value relationship selected from a plurality of relationships between 
or among at least two of: (a) a desired-safety-margin quantity relating to a safety margin desired by the operator in 
connection with the braking operation by the operator to brake the vehicle, (b) a required-vehicle-deceleration quantity 
relating to a required deceleration value of the vehicle as felt by the operator upon the braking operation, and (c) a 
critical-relative-position quantity relating to a relative position between the vehicle and the object at which the operator 

55 feels it necessary to initiate the braking operation. 

[0020] The desired safety margin relates to a degree of necessity of the braking operation as felt by the vehicle 
operator. The desired safety margin is relatively large when the degree of necessity of the braking operation as felt by 
the operator is relatively low during a normal running of the vehicle. The desired safety margin is a degree of the safety 
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margin desired or preferred by the vehicle operator in connection with the braking operation. For instance, a gentle or 
slow vehicle operator tends to desire a higher degree of safety margin in the braking operation than a hasty or prompt 
vehicle operator, while a vehicle operator who likes to drive the vehicle in a steady fashion tends to desire a higher 
degree of safety margin in the braking operation than a vehicle operator who likes to drive the vehicle in a sporty 

5 fashion. The same vehicle operator has a higher degree of safety margin when the operator is relatively strained than 
when the operator is relatively relaxed. The desired safety margin is determined primarily by the operating characteristic 
or habit and the metal states of the vehicle operator. The vehicle operator whose desired safety margin is relatively 
large generally initiates the braking operation at a relatively early point of time, than the vehicle operator whose desired 
safety margin is relatively small. 

10 [0021] The vehicle operator whose desired safety margin is relatively large usually operates the brake operating 
member at a relatively low speed, than the vehicle operator whose desired safety margin is relatively small. In this 
sense, the desired safety margin per se is a subjective value as felt by the vehicle operator, and can be adjusted into 
an objective value on the basis of the operating-speed quantity described above with respect to the above mode (3). 
Accordingly, the desired-safety-margin quantity is suitable to estimate the required braking distance of the vehicle 

is during a normal running of the vehicle, and suitable to determine the threshold value of the distance between the 
vehicle and the object which is used to determine whether the warning signal is generated or not, during the normal 
running of the vehicle. 

[0022] The deceleration value of the vehicle as a result of the braking operation by the vehicle operator is usually 
determined by the metal state of the vehicle operator. For instance, the vehicle operator whose desired safety margin 
20 is relatively large tends to perform the braking operation that results in a lower value of deceleration of the vehicle, 
than the vehicle whose desired safety margin is relatively small. 

[0023] The critical-relative-position quantity relating to the relative position between the vehicle and the object at 
which the vehicle operator feels it necessary to initiate the braking operation is usually determined by the metal state 
of the vehicle operator. For instance, the vehicle operator whose desired safety margin is relatively large tends to feel 
25 It necessary to initiate the braking operation when the distance between the vehicle and the object is larger, than the 
vehicle operator whose desired safety margin is relatively small. 

[0024] (5) A warning apparatus according to any one of the above modes (1 )-(5), wherein the characteristic-value 
storage portion stores at least one characteristic-value relationship selected from a plurality of relationships between 
or among at least two of: (a) a promptness quantity relating to promptness of the operator to perform the braking 
3D operation; (b) an operating-force quantity relating to an operating force to be produced by the operator to perform the 
braking operation; and (c) a critical-relative-position quantity relating to a relative position between the vehicle and the 
object at which the operator feels it necessary to initiate the braking operation. 

[0025] The promptness quantity is a quantity indicative of one of the locomotive capacity values of the vehicle operator 
which relates to the promptness to perform the braking operation. A vehicle operator having a relatively high degree 

35 of locomotive capacity, for instance, a vehicle operator havi ng a relatively high athletic response is capable of performing 
the braking operation at a relatively high speed. In this sense, the promptness may be represented by the operating- 
speed quantity described above with respect to the above mode (3) of this invention. Since the upper limit of the speed 
of the braking operation by the operator is determined by the locomotive capacity of the operator, the operator is not 
able to operate the brake operating member at a speed higher than a value corresponding to the locomotive capacity 

40 of the operator. For example, a time duration from a moment at which the operator feels it necessary to initiate the 
braking operation to a moment at which the braking operation is actually initiated is a quantity accurately representative 
of the brake operating promptness of the operator. This time duration is generally referred to as "free running time" of 
the vehicle. The lower limit or minimum value of this free running time may be suitably used to determine the threshold 
value of the distance between the vehicle and the front object, which is used to determine whether the warning signal 

45 should be generated or not. 

[0026] The operating-force quantity includes: an operating force and an operating stroke of the brake operating 
member operated by the vehicle operator; a braking force produced as a result of the braking operation by the vehicle 
operator; a deceleration value of the vehicle established as a result of the braking operation; a ratio of utilization of the 
friction force between the vehicle wheels and the roadway surface; and the friction coefficient of the roadway surface. 

so The operating-force quantity is also generally determined by the locomotive capacity of the operator. The vehicle op- 
erator having a relatively high degree of locomotive capacity (and usually a relatively high level of promptness) tends 
to operate the brake operating member with a relatively large operating force. Since the vehicle operator tends to 
control the operating force of the brake operating member so as to establish a deceleration value of the vehicle which 
the vehicle operator feels necessary, the operating-force quantity may be represented by the required-vehicle-decel- 

55 eration quantity described above with respect to the above mode (4). 

[0027] The critical-relative-position quantity as felt by the vehicle operator is also generally determined by the loco- 
motive capacity of the operator, in particular, by the promptness. The vehicle operator having a relatively high degree 
of locomotive capacity has a relatively long critical distance between the vehicle and the front object, at which the 
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operator feels it necessary to initiate the braking operation. 

[0028] (6) A warning apparatus according to any one of the above modes (1 )-(5), wherein the characteristic-value 
storage portion stores at least one of: 

5 (a) a relationship between a braking-delay time between a moment at which the operator feels it necessary to 

initiate the braking operation and a moment at which the braking operation is actually initiated, and a deceleration 
value of the vehicle to be established by the braking operation; and 

(b) a relationship between the braking-delay time and a relative-position quantity relating to a relative position 
between the vehicle and the object . 

10 

[0029] In the warning apparatus according to the above mode (6), the characteristic-value storage portion stores at 
least one of the two characteristic-value relationships (a) and (b) indicated above. 

[0030] The braking-delay time is a time duration between the moment at which the vehicle operatorfeels it necessary 
to initiate the braking operation and the moment of the actual initiation of the braking operation. The moment at which 

is the vehicle operatorfeels it necessary to initiate the braking operation may be detected by detecting a moment at which 
the accelerator pedal of the vehicle is released, or by detecting that the relative-position quantity has reached a pre- 
determined value. The moment at which the vehicle operator feels it necessary to initiate the braking operation may 
also be detected by detecting a sudden increase of the tension or strain of the vehicle operator. For instance, the 
moment at which the vehicle operatorfeels a necessity of rapid or large brake application to the vehicle may be detected 

so by detecting a moment at which the force of gripping of the steering wheel of the vehicle by the operator has increased 
to a predetermined upper limit, a moment at which the pressure acting on the operator's seat has increased to a 
predetermined upper limit, or a moment at which the operator's heart pulse rate has reached a predetermined upper 
limit. 

[0031] The relative-position quantity may be a quantity at a moment of the actual initiation of the braking operation, 
25 a quantity at a moment at which the operatorfeels it necessary to initiate the braking operation, or a quantity determined 
by those two quantities. 

[0032] (7) A warning apparatus according to any one of the above modes (1 )-(6), further comprising a characteristic- 
value setting portion manually operable by the operator to set at least one of the above-indicated at least two of the 
plurality of brake operating characteristic values in the above mode (1), and the threshold-value determining portion 

30 is operable to obtain the estimated braking state of the vehicle on the basis of the above-indicated at least one brake 
operating characteristic value set by the characteristic-value setting portion and the above-indicated at least one char- 
acteristic-value relationship stored in the characteristic-value storage portion, the threshold-value determining portion 
determining the threshold value of the distance on the basis of the estimated braking state obtained. 
[0033] For instance, one of the two brake operating characteristic values of one of the at least one characteristic- 

35 value relationship is set by the manually operable characteristic-value setting portion. In this case, the warning appa- 
ratus permits generation of a warning signal at a timing that suits the specific vehicle operator who has set the specific 
characteristic value. 

[0034] Where the characteristic value that is set by the characteristic-value setting portion is a value which is influ- 
enced by the mental factors and locomotive capacity of the vehicle operator, the timing at which the warning apparatus 

40 can be activated to generate the warning signal is further optimized in accordance with the specific metal factors and 
locomotive capacity of the specific operator. The desired-safety-margin quantity described above with respect to the 
above mode (4) and the promptness quantity described above with respect to the above mode (5) may be used as 
values suitably set by the operator with the characteristic-value setting portion. While these quantities change with 
different vehicle operators, they may also change depending upon the mental states and/or physical conditions of the 

45 same operator. 

[0035] (8) A warning apparatus according to any one of the above modes (1 )-(7), further comprising: 

a friction-coefficient obtaining portion operable to obtain a friction coefficient of a roadway surface on which the 
vehicle is running; and 

so a characteristic-value-relationship determining portion operable to determine the above-indicated at least one char- 

acteristic-value relationship on the basis of the friction coefficient obtained by the friction-coefficient obtaining por- 
tion. 

[0036] In the warning apparatus according to the above mode (B), each characteristic-value relationship is deter- 
55 mined on the basis of the friction coefficient of the roadway surface. For instance, the characteristic-value storage 
portion may store a plurality of characteristic-value relationships corresponding to respective different values of the 
friction coefficient of the roadway surface, and the characteristic-value-relationship determining portion selects one of 
those stored characteristic-value relationships which corresponds to the friction coefficient value obtained by the fric- 
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tion-coefficient obtaining portion. Alternatively, the characteristic-value-relationship determining portion is arranged to 
determine the characteristic-value relationship depending upon the obtained friction coefficient value. Further alterna- 
tively, the characteristic-value storage portion stores a nominal characteristic-value relationship corresponding to a 
reference value of the friction coefficient of the roadway surface (e.g., the friction coefficient value of a dry asphalt 
5 roadway surface), and the characteristic-value-relationship determining portion is arranged to change this nominal 
characteristic-value relationship depending upon an amount of deviation of the obtained actual friction coefficient value 
from the reference value. 

[0037] As described above, the deceleration value of the vehicle has a close relationship with the actual friction 
coefficient of the roadway surface, and the desired safety margin (mental state) of the vehicle operator is also influenced 

w by the friction coefficient. For instance, the tension of the vehicle operator is higher when the friction coefficient of the 
roadway surface is relatively low than when it is relatively high. Accordingly, the time duration between the moment at 
which the vehicle operator feels it necessary to initiate the braking operation and the moment at which the braking 
operation is actually initiated tends to be shorter when the friction coefficient is relatively low. In this respect, it is 
desirable to determine the characteristic-value relationship depending upon the friction coefficient of the roadway sur- 

15 face. 

[0038] Where a wheel of the vehicle is provided with a friction brake for braking the wheel by forcing a friction member 
onto a rotor rotating with the wheel, the friction coefficient of the roadway surface may be obtained on the basis of a 
state of change of the rotating speed of the wheel while the friction member is held forced onto the rotor with a prede- 
termined pressing force for a predetermined time. When the friction coefficient is sufficiently high, the deceleration 
20 value of the vehicle corresponds to the pressing force. When the friction coefficient is relatively low, the vehicle decel- 
eration value may be lower than a value corresponding to the pressing force. In this latter case, the vehicle deceleration 
value cannot exceed a value corresponding to the friction coefficient. Thus, the vehicle deceleration value may not be 
increased to a value corresponding to the wheel braking force when the friction coefficient is relatively low. 
[0039] (9) A warning apparatus according to any one of the above modes (1 )-(8), further comprising: 

25 

a running-environment obtaining portion operable to obtain a running environment of the vehicle; and 
a characteristic-value-relationship determining portion operable to determine the above-indicated at least one char- 
acteristic-value relationship on the basis of the running environment obtained by the running-environment obtaining 
portion. 

30 

[0040] In the warning apparatus according to the above mode (9), each characteristic-value relationship is deter- 
mined on the basis of the running environment of the vehicle. The running environment includes: a condition of the 
roadway surface; a kind of the roadway; and environmental conditions such as the weather condition. The condition 
of the roadway surface includes the friction coefficient and the roughness or bumpiness of the surface. The kind of the 
35 roadway includes its running speed limit, and whether the roadway is an express way or an ordinary roadway. The 
environmental conditions include a fine weather, a rainy weather, a snow fall, and a fog. The running environment of 
the vehicle described above has a considerable influence on the metal states of the vehicle operator. In this respect, 
it is desirable to determine the characteristic-value relationship on the basis of the running environment of the vehicle. 
[0041] (1 0) A warning apparatus according to any one of the above modes (1)-(9), further comprising: 

40 

a running-state obtaining portion operable to obtain the running state of the vehicle; and 
a characteristic-value-relationship determining portion operable to determine the above-indicated at least one char- 
acteristic-value relationship on the basis of the running state obtained by the running-state obtaining portion. 

45 [0042] In the warning apparatus according to the above mode (10), each characteristic-value relationship is deter- 
mined on the basis of the running state of the vehicle. The running state includes: a state in which the drive wheels of 
the vehicle are driven; a state in which the vehicle is braked; a state in which the vehicle is turning; and a state in which 
the running condition is controlled. The running state may be represented by the operating states of the accelerator 
pedal, the brake operating member (brake pedal) and the steering wheel, and operating states of various switches 

so provided to establish respective running modes of the vehicle. 

[0043] For example, the braking-delay time described above with respect to the above mode (6) is relatively long 
while the vehicle drive wheels are driven or the vehicle is turning, and is relatively short while the vehicle is braked. 
On the other hand, the distance between the vehicle and the front object, at which the vehicle operatorfeels it necessary 
to increase the braking force, is relatively short while the vehicle is braked, since the vehicle operator operating the 

55 brake operating member is likely to feel that the distance is long enough to assure safety of running of the vehicle. 
Where the vehicle Is running in a running mode so as to maintain a predetermined relative position between the vehicle 
and the front object, the vehicle operator is generally relaxed, so that the braking-delay time is accordingly increased. 
Thus, it is desirable to determine the characteristic-value relationship on the basis of the running state of the vehicle. 
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[0044] The warning apparatus according to the above mode (B), (9) or (1 0) is arranged to determine each charac- 
teristic-value relationship on the basis of the friction coefficient of the roadway surface, the running environment or 
state of the vehicle. However, the threshold-value determining portion may be arranged to determine the threshold 
value of the distance between the vehicle and the front object, on the basis of the friction coefficient, or the running 
5 environment or state of the vehicle. That is, the threshold value is increased or reduced depending upon a change of 
the friction coefficient or the running environment or state of the vehicle. 

[0045] (11) A warning apparatus according to any one of the above modes (1)-(10), wherein the vehicle has a con- 
trolled running mode in which the running state is controlled on the basis of a relative-position quantity elating to a 
relative position between the vehicle and the object, and the threshold-value determining portion determines the thresh- 
10 old value of the distance such that the determined threshold value is larger when the vehicle is running in the controlled 
running mode, than when the vehicle is not running in the controlled running mode. 

[0046] In the controlled running mode in which the running state of the vehicle is controlled on the basis of the relative- 
position quantity, the vehicle operator tends to be relaxed, and careless. In view of this tendency, it is desirable to 
determine the threshold distance to be comparatively long in the controlled running mode. 

is [0047] The threshold value of the distance may be determined on the basis of the running state or environment of 
the vehicle described above. The threshold value is desirably determined to be comparatively long when the drive 
wheels are driven, and to be comparatively short when the vehicle is braked. In this respect, it is noted that the braking- 
delay time tends to be long when the drive wheels are driven with the accelerator pedal being depressed, and that the 
necessity of generating the warning signal is relatively low during braking of the vehicle. The warning signal if generated 

20 during braking of the vehicle is usually annoying to the vehicle operator. Further, it is desirable to determine the threshold 
value to be larger when it is raining, snowing or foggy, than when it is fine, or when the friction coefficient of the roadway 
surface is lower than a predetermined threshold than when the friction coefficient is not lower than the threshold. 
[0048] Alternatively, the threshold value of the distance may be determined on the basis of the moving state of the 
front object. For instance, the threshold value is determined to be relatively large when the acceleration value of the 

25 object is extremely low (when the deceleration value is extremely high). 

[0049] (12) A warning apparatus according to any one of the above modes (1)-(11), further comprising a safety 
detecting portion operable to determine whether a positional relationship between the vehicle and the object falls within 
a predetermined safe region, and the threshold-value determining portion determines the threshold value of the dis- 
tance When the safety detecting portion determines that the positional relationship does not fall within the safe region. 

30 [0050] When the positional relationship between the vehicle and the object is within the safe region, it is not necessary 
to generate the warning signal, and is therefore not necessary to determine the threshold value of the distance between 
the vehicle and the object. A determination as to whether the positional relationship is within the safe region may be 
made by determining whether at least one of the running speed and acceleration value of the vehicle, the moving 
speed and acceleration of the front object, and the free running time of the vehicle satisfies a predetermined condition 

35 of safety. 

[0051] In the warning apparatus wherein the threshold value of the distance is determined when the positional rela- 
tionship between the vehicle and the front object is not within the predetermined safe region, a condition in which the 
positional relationship is not within the safe region may be considered to a condition in which a pre-waming condition 
to determine whether the distance is shorter than the threshold value is satisfied. When this pre-warning condition is 
40 satisfied, there is a relatively high possibility that the distance between the vehicle and the front object will become 
shorter than the predetermined threshold value, that is, there is a relatively high possibility that the warning signal 
should be generated. The pre-waming condition may be considered to be a condition in which it is required to determine 
whether the warning signal should be generated. 

[0052] (13) A warning apparatus according to any one of the above modes (1)-(12), further comprising a running 
45 control portion operable to control the running state of the vehicle on the basis of a relative-position quantity relating 
to a relative position between the vehicle and the object. 

[0053] The warning apparatus according to the above mode (13) is capable of controlling the running state of the 
vehicle on the basis of the relative-position quantity, for instance, such that the positional relationship between the 
vehicle and the front object coincides with a predetermined relationship. In this case, the warning apparatus may be 
so arrangedto generate the waningsignal while the running state of the vehicle is controlled by the running control portion, 
or while the running state is not controlled. 

[0054] (1 4) A warning apparatus for an automotive vehicle, operable to generate a warning signal when a distance 
between the vehicle and an object existing in front of the vehicle is shorter than a predetermined threshold value, 
characterized by comprising a threshold-value determining portion operable to determine the threshold value of said 
55 distance, on the basis of at least one of: 

(a) an estimated braking-delay time which is an estimated time duration between a moment at which an operator 
of the vehicle feels it necessary to initiate a braking operation to brake the vehicle and a moment at which the 
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braking operation is actually initiated; 

(b) an estimated vehicle deceleration value which is an estimated value of deceleration of the vehicle as a result 
of the raking operation by the operator; 

(c) a critical-relative-position quantity relating to a relative position between the vehicle and the object at which the 
5 operator feels it necessary to initiate the braking operation; and 

(d) a moving-state quantity indicative of a moving sate of the object. 

[0055] In the warning apparatus according to the above mode (14), the threshold value of the distance used to 
determine whetherthe warning signal should be generated is determined on the basis of at least one of the estimated- 

10 braking-delay time, the estimated vehicle deceleration value of the vehicle, the critical-relative-position quantity and 
the moving-state quantity indicative of the moving state of the object. The vehicle operator may manually set at least 
one of the estimated braking-delay time, estimated deceleration value of the vehicle and critical-relative-position quan- 
tity. Alternatively, at least one of those three parameters may be determined on the basis of the past operating conditions 
of the vehicle, or may be a predetermined value. 

is [0056] The technical features according to any one of the above modes (1 )-(1 3) is applicable to the warning apparatus 
according to the above mode (14). 

[0057] (15) A warning apparatus for an automotive vehicle, operable to generate a warning signal when a relative- 
position quantity relating to a relative position between the vehicle and an object in front of the vehicle is on a prede- 
termined one side of a predetermined threshold value on which a distance between the vehicle and the object is shorter 
20 than on the other side, characterized by comprising: 

a characteristic-value storage portion which stores at least one characteristic-value relationship between at least 
two of a plurality of brake operating characteristic values relating to a braking operation by an operator of the 
vehicle to brake the vehicle; and 
25 a threshold-value determining portion operable to determine the threshold value of the relative-position quantity 

on the basis of at least one of: an estimated braking state of the vehicle estimated on the basis of the above- 
indicated at least one characteristic-value relationship stored in the characteristic-value storage portion; and a 
moving-state quantity indicative of a moving state of the object. 

30 [0058] The relative-position quantity may be a distance between the vehicle and the front object, or the distance 
divided by the relative speed of the vehicle and the object. The technical feature according to any one of the above 
modes (1)-(14) is applicable to the warning apparatus according to the above mode (15). 

[0059] (1 6) A warning apparatus for an automotive vehicle, operable to generate a warning signal when a distance 
between the vehicle and an object existing in front of the vehicle is shorter than a predetermined threshold value, 
35 characterized by comprising a threshold-value determining portion operable to determine the threshold value of the 
distance on the basis of at least one of (a) a running state of the vehicle and (b) a running environment of the vehicle, 
and at least one of (i) a running-state quantity indicative of the running state of the vehicle and (ii) a moving-state 
quantity indicative of a moving state of the object. 

[0060] The technical features according to any one of the above modes (1 )-(1 5) is applicable to the warning apparatus 
40 according to the above mode (16). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0061] The above and other objects, features, advantages and technical and industrial significance of the present 
45 invention will be better understood by reading the following detailed description of presently preferred embodiments 
of the invention, when considered in connection with the accompanying drawings, in which: 

Fig. 1 is a view showing an overall arrangement of a warning apparatus constructed according to one embodiment 
of the present invention; 

so Fig. 2 is a view indicating a relative position between a present vehicle provided with the warning apparatus of Fig. 

1 and a front vehicle running in front of the present vehicle; 

Fig. 3 is a view showing experimental data indicating a relationship between a free running time of the vehicle 
operated by a specific operator and a specific-deceleration coefficient of the specific operator; 
Fig. 4 is a view showing experimental data indicating a relationship between the free running time and a critical 
55 time of the specific operator; 

Fig. 5 is a view showing a data map which indicates characteristic-value relationships and which is stored in a 
data storage portion of a warning control device of the warning apparatus of Fig.1 ; 
Fig. 6 is a view schematically showing the characteristic-value relationships of Fig. 5; 
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Fig. 7 is a view schematically showing the characteristic-value relationships of Fig. 5; 

Fig. 8 is a view showing a relative position between the present and front vehicles and a warning threshold distance 
in one case of generation of a warning signal by the warning apparatus of Fig. 1 ; 

Fig. 9 is a view showing the relative position between the present and front vehicles and the warning threshold 
5 distance, in another case of generation of the warning signal by the warning apparatus of Fig. 1 ; 

Fig. 10 is a view showing the relative position between the present and front vehicles and the warning threshold 

distance, in a further case of generation of the warning signal by the warning apparatus of Fig. 1 ; 

Fig. 11 is a view showing the relative position between the present and front vehicles and the warning threshold 

distance, in a still further case of generation of the warning signal by the warning apparatus of Fig. 1 ; 
10 . Fig. 1 2 is a view showing the relative position between the present and front vehicles and the warning threshold 

distance, in a yet further case of generation of the warning signal by the warning apparatus of Fig. 1 ; 

Fig. 13 is a flow chart illustrating a warning control program stored in the datastorage portion of the warning control 

device; 

Fig. 14 is a flow chart illustrating a portion of a the warning control program of Fig. 13; 
is Fig. 15 is a flow chart illustrating a characteristic-value relationship changing program stored in a data storage 

portion of a warning control device of a warning apparatus according to another embodiment of this invention; and 
Fig. 16 is a flow chart illustrating a free running time determining program stored in a data storage portion of a 
warning control device of a warning apparatus according to a further embodiment of the invention. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0062] Referring first to Fig. 1 , there is shown a warning apparatus which is provided on an automotive vehicle and 
constructed according to one embodiment of the present invention. The warning apparatus includes a warning control 
device 10 which is constituted primarily by a computer. The warning control device 10 incorporates an arithmetic 

25 processing portion 1 2, a data storage portion 14, an input portion 1 6, and an output portion 1 8. To the input portion 1 6, 
there are connected a relative-position detecting device 20, a vehicle speed sensor 21 , a longitudinal acceleration 
sensor (G sensor) 22, wheel speed sensors 23, an accelerator pedal switch 27, a brake pedal switch 30, an auto- 
cruise control switch 32, and a setting dial 33. The vehicle speed sensor 21 is arranged to detect a running speed of 
the vehicle provided with the present warning apparatus. This vehicle will be referred to as "present vehicle". The 

30 longitudinal acceleration sensor 20 is arranged to detect a longitudinal acceleration of the present vehicle, namely, an 
acceleration value of the vehicle in its longitudinal or running direction. The wheel speed sensors 23 are arranged to 
detect the rotating speeds of respective wheels of the present vehicle. The accelerator pedal switch 27 is arranged to 
detect an operation of an accelerator pedal 26, while the brake pedal switch 30 is arranged to detect an operation of 
a brake pedal 29. The setting dial 33 is provided as a manually operable member (characteristic-value setting portion), 

35 which is operated by an operator or driver of the present vehicle, to set characteristic values relating to a manner of 
operation of the brake pedal 29 when the present vehicle is braked. 

[0063] The relative-position sensor 20 includes a millimeter wave radar and a CCD camera. The CCD camera detects 
an object in front of the present vehicle, and the millimeter wave radar is oriented according to the output signal of the 
CCD camera. The millimeter wave radar detects a distance D between the present vehicle 40 and a front vehicle 42 
40 running in front of the present vehicle 40, as indicated in Fig. 2, and a relative speed of the two vehicles 40, 42. A 
running speed Vf of the front vehicle 42 is obtained on the basis of a running speed V of the present vehicle 40 and 
the relative speed of the two vehicles 40, 42. An acceleration value ctf(u>g) of the front vehicle 42 is obtained by 
differentiating the running speed Vf of the front vehicle 42. 

[0064] The running speed Vf , acceleration value af(u.f«g), etc. of the front vehicle 42 may be obtained by the relative- 
45 position sensor 20 or by the warning control device 1 0. 

[0065] The relative-position sensor 20 need not include both of the millimeter wave radar and the CCD camera, but 
may include only one of them. 

[0066] The actual longitudinal acceleration of the present vehicle 40 is obtained on the basis of the output signal of 
the longitudinal acceleration sensor 22. A friction coefficient of a roadway surface on which the present vehicle 40 is 

so running is obtained on the basis of the output signals of the wheel speed sensors 23. 

[0067] The cruse control switch 32 is a switch which is operable by the vehicle operator and which includes at least 
an ON state in which a cruse control mode is selected, and an OFF state in which the cruse control mode is not selected. 
With the cruse control switch 32 placed in the cruse control mode, the running condition of the present vehicle 40 is 
controlled by an auto-cruise control device 44, on the basis of a positional relationship between the present and front 

55 vehicles 40, 42. For instance, the auto-cruse control device 44 is arranged to control a drive source (not shown) and 
a braking system 38 of the present vehicle 40, so as to maintain a positional relationship between the present and 
front vehicles 40, 42, which positional relationship is desired by the vehicle operator. The positional relationship may 
be represented by the vehicle-to-vehicle distance D, and a critical time DA/. Since an auto-cruise control of a vehicle 
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is well known in the art, no detailed description thereof is deemed necessary. 

[0068] The setting dial 33 is manually operated by the vehicle operator or driver, to set a plurality of relationships 
between characteristic values relating to the operation of the brake pedal 29. In this embodiment, the setting dial 33 
has a plurality of positions having respective values (dial-position values) which are given respective values of a free 

5 running time of the specific operator of the present vehicle 40. Further, values of a critical time and values of a specific- 
deceleration coefficient of the specific operator are determined to correspond to the respective values of the free running 
time, as described below in detail. The free running time, critical time and specific-deceleration coefficient of the specific 
vehicle operator are used as the characteristic values relating to the operation of the brake pedal 29, which are here- 
inafter referred to as "brake operating characteristic values" of the specific operator relating to a braking operation by 

10 the operator to brake the vehicle 40. 

[0069] The warning device 36 is activated to provide a warning signal in response to a command signal received 
from the warning control device 1 0, when the actual vehicle-to-vehicle distance D has become shorter than a warning 
threshold distance Dw. The warning device 36 may be adapted to generate a warning sound or voice message, turn 
on or flicker a warning light, provide an indication on its display portion to indicate that the distance D has become 

is shorter than the warning threshold distance Dw, or vibrate the operator's seat 

[0070] In the present embodiment, the braking system 38 includes a brake 50 for each wheel of the present vehicle 
40, a brake control actuator 52 for operating the brake 50, and an electronic brake control unit (brake ECU) 54. The 
braking system 38 is operable not only manually upon operation of the brake pedal 29, but also automatically. Thus, 
the braking system 38 is operable in an automatic braking mode, as needed. For instance, the brake 50 is a hydraulically 

20 operated brake activated by a pressurized brake fluid, but is not limited to the hydraulic brake. For example, the brake 
50 may be an electrically operated brake operable by an electromagnetic force produced by an electric motor. 
[0071] There will be described an operation of the present warning apparatus. During running of the present vehicle 
40, the positional relationship between the present and front vehicles 40, 42 is obtained, and the warning control device 
1 0 determines whether the obtained positional relationship falls within a warning-requirement region or a safe region. 

25 Where the positional relationship falls within the safe region, the warning device 36 is not activated to provide a warning 
signal or indication. The warning-requirement region is a region in which there is a comparatively high possibility that 
the warning signal will be provided. The warning device 36 is not activated immediately afterthe positional relationship 
has fallen within the warning-requirement region. Instead, the warning control device 1 0 compares the actual distance 
D between the present and front vehicles 40, 42 with the warningthreshold distance Dw, when the positional relationship 

30 has fallen within the warning-requirement region. That is, thewarning control device 10 calculates the warningthreshold 
distance Dw, and compares the actual vehicle-to-vehicle distance D with the calculated threshold distance Dw. When 
the actual vehicle-to-vehicle distance D is shorter than thewarning threshold distance Dw, the warning control device 
10 activates the warning device 36 to generate a warning signal or provide any other suitable alarm indication. The 
warning-requirement region may be referred to as "warning-threshold-distance calculating region", "vehicle-to-vehicle- 

35 distance comparing region" or "pre-warning region". 

[0072] In the present embodiment, the warning threshold distance Dw is determined on the basis of two relationships 
of the brake operating characteristic values, that is, a relationship between the free running time and the specific- 
deceleration coefficient, and a relationship between the free running time and the critical time, which will be described 
by reference to Figs. 3 and 4. 

40 [0073] The graph of Fig. 3 shows the relationship between the free running time TO and the specific-deceleration 
coefficient Kb, which relationship was obtained by experimentation by the inventors of the present invention. It was 
found that the obtained relationship (tendency) was true for vehicle operators or drivers in general. 
[0074] The free running timeTO is a time between a moment at which a specific operator of the vehicle 40 recognizes 
a need of braking the vehicle, and a moment at which the operator actually depresses the brake pedal 29. The moment 

45 at which the operator recognizes the need of braking the vehicle may be a moment at which the operator releases the 
brake pedal 26. Alternatively, the moment at which the operator recognizes the need of braking the vehicle may be a 
moment at which the operator recognizes that the positional relationship between the present and front vehicles 40, 
42 has become a predetermined critical relationship, or a moment at which the operator has become highly tense or 
strained, for example, at a moment at which a surface pressure acting on the back rest of the operator's seat has 

so suddenly increased. 

[0075] The free running time TO is determined or influenced by mental factors and locomotive capacity of the specific 
operator. For instance, the free running time TO of a hasty, prompt or highly locomotive operator is generally shorter 
than that of a gentle, slow or poorly locomotive operator. Further, the free running time TO of a given operator is relatively 
short when the operator is highly strained than when the operator is not so strained. 
55 [0076] The specific-deceleration coefficient Kb is a ratio of the deceleration value a(u»g) of the present vehicle 40 
to be obtained by operation of the brake pedal 29 by the specific operator, to a maximum deceleration value umax»g 
of the vehicle 40 that can be obtained on the specific roadway surface, which is determined by the friction coefficient 
of the roadway surface. The specific-deceleration coefficient Kb is represented by the following equation (1): 
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Kb = (u..g)/( l wg) 

[0077] It will be understood from the above equation that the deceleration value of the present vehicle 40 increases 
s with an in crease in the specific-deceleration coefficient Kb, where the friction coefficient of the roadway surface is 
constant. In other words, the deceleration value of the present vehicle 40 increases with an increase in the operating 
force acting on the brake pedal 29 or the operating force of the brake 50, while the operating force is not larger than 
a value corresponding to the maximum deceleration value. 

[0078] It will also be understood that the ratio of utilization of the friction coefficient of the roadway surface increases 
10 with an increase in the specific-deceleration coefficient Kb. In this respect, the specific-deceleration coefficient Kb may 
be referred to as "ratio of utilization of the friction coefficient of the roadway surface". On the roadway surface having 
a given friction coefficient, the specific-deceleration coefficient Kb increases with an increase in the deceleration value 
of the vehicle 40. Although the maximum deceleration value of the vehicle 40 is relatively low when thefriction coefficient 
of the roadway surface is relatively low, the vehicle operator generally adjusts the brake operating force so as to obtain 
is the desired deceleration value of the vehicle 40, while preventing an increase of the brake operating force beyond a 
value corresponding the maximum deceleration value. Accordingly, the ratio of utilization of the friction coefficient of 
the roadway surface is higher when the friction coefficient is relatively low than when it is relatively high. In any case, 
the deceleration value of the present vehicle 40 increases and the ratio of utilization of the friction coefficient increases, 
as the brake operating force increases. It will therefore be understood that the vehicle operator desires a higher value 
20 of deceleration of the vehicle 40 when the specific-deceleration coefficient Kb is relatively high than when it is relatively 
low. 

[0079] While the deceleration value of the vehicle 40 is higher when the specific-deceleration coefficient Kb Is rela- 
tively high than when it is relatively low, the deceleration values of the vehicle 40 on the roadway surfaces having 
differentfriction coefficient values are different from each other even where the ratio of utilization of thefriction coefficient 

25 is the same. However, the deceleration value of the present vehicle 40 can be accurately estimated on the basis of 
the friction coefficient of the roadway surface and the ratio of utilization of the friction coefficient. 
[0080] As is apparent from the graph of Fig. 3, the relationship between the free running time TO and the specific- 
deceleration coefficient Kb is such that the specific-deceleration coefficient Kb increases with a decrease in the free 
running time TO. Namely, the operator who has a relatively short free running time TO has a relatively high specific- 

30 deceleration coefficient Kb, while the operatorwho has a relatively long free running time TO has a relatively low specific- 
deceleration coefficient Kb. 

[0081] The experimental data shown in Fig. 3 were processed to extract a relationship between the free running time 
TO and the specific-deceleration coefficient Kb, which is used to prepare a control data map representative of a first 
relationship between two brake operating characteristic values in the form of the free running time TO and the specific- 

35 deceleration coefficient Kb. This first relationship is represented by a solid line in Fig. 3, which represents a highest 
one of the values of the specific-deceleration coefficient Kb corresponding to each value of the free running time TO. 
The warning threshold distance Dw determined according to this first relationship represented by the solid line tends 
to be short, as described below. In this respect, it is noted that points determined by the free running time TO and 
specific-deceleration coefficient Kb of most of ordinary vehicle operators are located on the left or lower side of the 

40 solid line of Fig. 3, so that the warning signal is generated only after the vehicie-to-vehicle distance D has become 
relatively short. This arrangement prevents frequent generation of the warning signal which is annoying to the ordinary 
vehicle operators. The solid line in Fig. 3 may be considered to be an envelope of the experimental data. 
[0082] It was found that ordinary vehicle operators had a relationship between the free running time TO and the 
critical time TO', as indicated in the graph of Fig. 4. The critical time TO' is the vehicle-to-vehicle distance D divided by 

45 the running speed V of the present vehicle 40, and is represented by an equation, TO' = DA/. The vehicle-to-vehicle 
distance D used to obtain the critical time TO' is a distance between the present and front vehicles 40, 42 when these 
vehicles are running at substantially the same running speed V. 

[0083] The critical time TO' may be considered to represent a positional relationship between the present and front 
vehicles 40, 42, as felt by the operator of the present vehicle 40. The vehicle operator generally determines whether 

so the vehicle 40 must be braked or not, depending upon the critical time TO' with respect to the front vehicle 42. When 
the vehicle-to-vehicle distance D is a given value, the vehicle operator generally feels a higher need of braking the 
present vehicle 40 when the running speed V is relatively high than when the running speed V is relatively low. The 
vehicle operator depresses the brake pedal 29 when the critical time TO' has become shorter than a reference value 
determined by the vehicle operator. As is apparent from the graph of Fig. 4, there is a tendency that vehicle operators 

55 having a relatively short free running time TO have a relatively short critical time TO'. 

[0084] The experimental data shown in Fig. 4 were processed to extract a relationship between the free running time 
TO and the critical time TO', which is used to prepare a control data map representative of a second relationship between 
two brake operating characteristic values in the form of the free running time TO and the critical time TO'. This second 
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relationship is represented by a solid line in Fig. 4, which represents a shortest one of the values of the critical time 
TO' corresponding to each value of the free running timeTO. The warning threshold distance Dw determined according 
to this second relationship represented by the solid line tends to be short, as described below, so that the warning 
signal Is generated only after the vehicle-to-vehicle distance D has become relatively short. This arrangement prevents 

5 frequent generation of the warning signal which is annoying to the ordinary vehicle operators. 

[0085] In the present embodiment, a control data map representative of a data table indicated in Fig. 5 is prepared 
according to the first and second brake operating characteristic-value relationships represented by the respective solid 
lines in Figs. 3 and 4. This control data map is stored in the data storage portion 14 of the warning control device 1 0. 
When the setting dial 33 is operated by the vehicle operator to a selected one of the dial-position value, the specific- 

10 deceleration coefficient Kb and the critical time TO 1 are determined for the free running time TO which corresponds to 
the selected dial-position value. As indicated by solid lines in Fig. 6, the free running time TO increases with an increase 
of the dial-position value. Further, as the free running time TO increases, the specific-deceleration coefficient Kb de- 
creases while the critical time TO 1 increases. 

[0086] The brake operating characteristic-value relationships indicated above are not kept constant, but are changed 
is to increase the warning threshold distance Dw while the vehicle is running in the auto-cruise control mode. As indicated 
by one-dot chain lines in Fig. 6, the relationships are changed so as to increase the free running time TO and the critical 
time TO 1 and reduce the specific-deceleration coefficient Kb. In the auto-cruise control mode, the vehicle operators 
tend to be relaxed, so that the warning threshold distance Dw is increased to generate the warning signal at a relatively 
early point of time. 

20 [0087] It is not essential to change all of the free running timeTO, critical timeTO' and specific-deceleration coefficient 
Kb when the auto-cruise control mode is selected. Only one or two of these parameters may be changed when the 
auto-cruise control mode is selected. The amount of change of the parameters TO, TO', Kb need not be kept constant 
throughout the auto- control mode, but may be changed depending upon the cumulative running time of the vehicle in 
the auto-cruise control mode. Since the vehicle operators tend to be more and more relaxed with an increase of the 

as cumulative running time in the auto-control mode, the warning threshold distance Dw is increased as the cumulative 
running time increases. 

[0088] Further, the specific-deceleration coefficient Kb is made higher when the friction coefficient of the roadway 
surface is relatively low than when the friction coefficient is relatively high. The friction coefficient of the roadway surface 
Is usually determined on the basis of the output signal of the wheel speed sensors 23. For improving the accuracy of 

30 determination of the friction coefficient, the braking pressure applied to the brake 50 is intermittently raised to a level 
higher than a predetermined value, by controlling the brake control actuator 52, and changes of the wheel speeds are 
detected. The friction coefficient of the roadway surface is determined on the basis of the detected changes of the 
wheel speeds. Thus, the friction coefficient u max is determined, and the warning threshold distance Dw is determined 
on the basis of the determined friction coefficient u. max . 

35 [0089] A manner of determination of the warning threshold distance D2 will be described. The graph of Fig. 8 shows 
a state in which the front vehicle 42 is stationary. In this case, an object in front of the present vehicle 40 is not a moving 
object. When the absolute value of the running speed Vf of the front vehicle 42 is smaller than a predetermined value 
Vfs, that is, when an inequality IVf I < Vfs is satisfied, the positional relationship between the vehicles 40, 42 is determined 
to fall within the warning-requirement region, in this case, the actual vehicle-to-vehicle distance D is compared with 

40 the warning threshold distance Dw. 

[0090] The warning threshold distance Dw is obtained as a running distance of the present vehicle 40 required to 
stop the vehicle. The time "t" required to stop the present vehicle 40 is represented by the following equation, as is 
understood from the graph of Fig. 8: 



Accordingly, the running distance Dw of the present vehicle 40 required to stop it is calculated according to the following 
equation (1), on the basis of the running speed V, a specific deceleration value (u»g) and the time T: 



wherein "dO" represents an extra vehicle stopping time. 

[0091] When the warning threshold distance Dw is obtained in this case, the free running time TO is represented by 



: = T0 + V/((u..g) 



Dw = VT0 + V(t - TO) - (p.g/2)(t - T0)2 + dO 




(1) 
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the dial-position value of the setting dial 33 set by the operator, and the specific deceleration value (u»g) is obtained 
by multiplying the maximum deceleration value u. max (determined by the friction coefficient of the roadway surface) by 
the specific-declaration coefficient Kb, that is, calculated according to the following equation (1): 

5 (u..g) = (u. max 'g)Kb 

Thus, the warning threshold distance Dw is determined on the basis of the free running time TO set by the vehicle 
operator, and the specific-deceleration coefficient Kb which is estimated by the free running time TO and according to 
10 the predetermined relationship between the time TO and the coefficient Kb. This arrangement permits the warning 
device 36 to be activated to generate the warning signal at a timing that suits the particular brake operating characteristic 
or habit of the specific operator of the present vehicle 40. The determination as to whether the warning signal should 
be generated or not is effected on the basis of a difference d ra!n which is obtained according to the following equation (2): 

15 d mm = D - Dw ® 

[0092] Suppose the front vehicle 42 under deceleration is stopped before the present vehicle 40. For the front vehicle 
42 to be brought into a stop before the present vehicle 40, a time "tf" required to stop the front vehicle 42 must be equal 
2° to or shorter than the time T required to stop the present vehicle 40. The positional relationship between the two 
vehicles 40, 42 is determined to fall within the warning-requirement region, when the following equations/inequalities 
(3) are satisfied: 

tfSt 



(Vf/u>g) S TO + (V/u.»g) (3) 

so [0093] The warning threshold distance Dw is the running distance of the present vehicle 40 required to be stopped, 
minus the running distance of the front vehicle 42 required to be stopped, and is obtained according to the following 
equation (4): 

35 Dw = VT0 + V(t - TO) - (n-g/2)(t - TO)* - {Vf.tf - (nf.g/2).t# + do 
= VT0 + (V 2 /2n-g) - (VP/2(xf.g) + dO (4) 

40 [0094] Suppose the present vehicle 40 is stopped before the front vehicle 42 under deceleration and the minimum 
distance D between the two vehicles 40, 42 takes place at a point of time "t" as indicated in the graph of Fig. 1 0. Before 
the point of time "t", the running speed V of the present vehicle 40 is higher than the running speed Vf of the front 
vehicle 42, so that the present vehicle 40 approaches the front vehicle 42. After the point of time "t", the running speed 
V of the present vehicle 40 is lower than the running speed Vf of the front vehicle 42, the vehicle-to-vehicle distance 

4s D increases. Therefore, the distance D is smallest at the point of time "t". 

[0095] As indicated in Fig. 10, the warning-requirement region is a region which satisfies two conditions, that is, a 
condition that the present vehicle 40 is stopped before the front vehicle 42, and a condition that the running speed Vf 
of the front vehicle 42 is lower than the running speed V of the present vehicle 40 upon expiration of the free running 
time TO. Therefore, the positional relationship between the two vehicles 40, 42 falls within the warning-requirement 

so region when the following inequalities (5) and (6) are satisfied: 

Vf>g»u.ffT0 + V/u.«g) (5) 



Vf<g»u>T0 + V (6) 
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[0096] At the point of time "t" at which the vehicle-to-vehicle distance D is smallest, the running speed V of the present 
vehicle 40 is equal to the running speed Vf of the front vehicle 42 (V = Vf). Therefore, the point of time "t" can be 
obtained according to the following equation (7), and the running speed Vs of the present vehicle 40 at the point of 
time "t" (which speed Vs is equal to the running speed Vf of the front vehicle 42) is obtained according to the following 
equation (8): 

t = (Vf-V-u..g«T0)/{g.(tif-n)} (7) 

Vs = (u.f«V - u.«Vf + u.«u.«f'g«T0)/(u.f " I- 1 ) < 8 ) 

[0097] The warning threshold distance Dw in the above case is equal to a difference between the running distance 
of the two vehicles 40, 42 up to the point of time "f , plus a product (Vs»T0') of the running speed of the vehicle 40 at 
the point of time T and the critical time TO'. Namely, the warning threshold distance Dw is obtained according to the 
following equation (9): 

Dw = Vs»T0'-u.«g«T0 2 /2 
- (Vf - V - |x.g.T0) 2 /{2.g«(u.f - u.)} + dO (9) 

It will be understood from the above equation (9) that the warning threshold distance Dw is longer when the critical 
time TO' is relatively long than when the critical time TO' is relatively short. As described above, the critical time TO' 
corresponds to the dial-position value (free running time TO) of the setting dial 33 set by the vehicle operator, and 
increases with an increase of the free running time TO. 

[0098] Further, an adjusted warning threshold distance DwA is obtained. This adjusted warning threshold distance 
DwA is a distance determined by taking account of an error of detection of the positional relationship between the two 
vehicles 40, 42, and is obtained according to one of the following equations (10A), (10B), (12A), (12B) and (14). The 
distance DwA is obtained according to the equation (10A) or (10B) when the following equation (11) is satisfied. The 
distance DwA is obtained according to the equation (12A) or (12B) when the following equation (13) is satisfied. The 
distance DwA is obtained according to the equation (14) when the following equation (15) is obtained. The equation 
(1 0B) is used in the case where the deceleration value (u.«fg) of the front vehicle 42 is zero, and the equation (1 OA) is 
used in the other cases. The same is true for the equations (12A) and (12B): 

DwA = {ti'(V + rg'U) - u>Vf + (Vf - V - u-g'U) u. max } 2 
/{2-g'(n - uf)(tW " M- " (if)) 
+ {(V + R .g.U) 2 -Vf 2 }/(2u max .g) 

-(|x.g«U 2 )/2 + d0 + Tb'.V (10A) 

DwA = {Vf'n max - (V + M ..g.U).(u nlax - u.)} 2 
/{2w(u. ma x-u.)} 
+ {(V + W U) 2 -Vf 2 }/(2 l i max .g) 

-(|x.g.U 2 )/2+d0 + Tb'^V (10B) 

(1+u.f+Au. s (lmax , and 
(V- Tb'.u.'g)(n max - H) > (Vf - u>g*T0)(n max - uf) (11) 
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DwA = (V - Vf) •TO + |if.g«T0 2 /2 
+ {V 2 - (Vf - ,xf.g.T0) 2 }/(2n max .g) + dO + TD'-V 



(12A) 



DwA = (V - Vf) •TO + (V 2 - VfV^n^g) + do + Tb W 



(12B) 



u.+ u.f + Au.s u. max ,and 



(v-ib'-rgX^ax -v)*W- vtvWK** - v*l 



or 



UraaxSH + Hf-An 



(13) 



DwA = (V - Vf) «T0 + (i«g®(T0 2 - Tb' 2 )/2 + do + Tb'©V 
- [Vf 2 - (V + n®g©U) 2 + 2g ©TO «{u.(V + u«g«U) - jtf-Vf}] 



/2n max -g) 



(14) 



H + [if - A|i< n max < p. + (if + An 



(15) 



[0099] In the above equations, "U" represents a time (TO -Tb'), that is, thefree running timeTO minus a predetermined 
timeTb' (< T01 '), and "An" represents a LSB value (provisional value) of the friction coefficient of the roadway surface u.. 
[0100] In the present case, the determination as to whether the warning device 36 should be activated to generate 
the warning signal is not made by comparing the vehicle-to-vehicle distance D directly with the warning threshold 
distance Dw, but is made by determining whether a value d m | n = MIN(d m | n1 , d mlnA ) is smaller than zero. Namely, the 
warning signal is generated when the value d min is smaller than zero. The value d mln is a smaller one of a difference 
d m , n1 (= D - Dw) between the vehicle-to-vehicle distance D and the warning threshold value Dw, and an adjusted 
difference d m)nA (D - DwA) between the distance D and the adjusted warning threshold distance DwA. 
[0101] In the above arrangement wherein the determination is based on the smaller one of the values dminl and 
d m | nA , the warning signal is generated when the vehicle-to-vehicle distance D minus a larger one of the warning thresh- 
old distance Dw and the adjusted warning threshold distance DwA is smaller than zero. In this respect, the larger one 
of the distances Dw and DwA may be referred to as an "effective warning threshold distance" 
[0102] The foregoing description in the case of Fig. 10 applies to a case of Fig. 11 where the present vehicle 40 
approaches the front vehicle 42, in a accelerating acceleration of the front vehicle 42 and in a decelerating state of the 
present vehicle 40 is in a decelerating state. 

[0103] Reference is now made to a case of Fig. 1 2 where the present vehicle40 approaches the front vehicle 42 in 
an accelerating state of the front vehicle 42 and in a free running of the present vehicle 40. In this case, the running 
speed Vf of the front vehicle 42 is lower than the running speed V of the present vehicle 40 before the point of time "t", 
and is higher than the running speed V upon expiration of the free running time TO. Accordingly, the positional rela- 
tionship between the two vehicles 40, 42 is determined to fall within the warning-requirement region, when the following 
equation (16) is satisfied: 



[0104] The warning threshold distance Dw is a difference between the running distances of the front vehicle 40 and 
the present vehicle 42 up to the point of time "t" (at which the minimum distance takes place), plus a product (TOW) 



Vf a u>g«T0+V 



V>Vf 



(16) 
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of the critical time TO' and the running speed Vs at the point of time T. In the case of Fig. 12 in which the minimum 
distance takes place in the free running state of the prevent vehicle 40, the running speed V at the point of time "t" is 
equal to the running speed V. According the warning threshold distance Dw is obtained according to the following 
equation (17): 

Dw = V»T0' - (V - Vf) 2 /(2'g'(if) + dO (17) 

[0105] An adjusted warning threshold distance DwB is obtained according to the following equation (18) when the 
following equation (19) is satisfied, and according to the following equation (20) when the following equation (21) is 



DwB = (V 2 - Vf 2 )/(2u. max «g) + dO + Tb'.V (1 8) 

VS(1-nf/n max )Vf (19) 
DwB = (V 2 - Vf 2 )/(2 u. mal< .g) + dO + Tb'.V 

V>(1-u.f/[i max )Vf (21) 

[0106] In this case, too, the determination as to whether the warning signal should be generated is made by deter- 
mining whether a value d m , n = MIN(d mln1 , d m , nB ) is smaller than zero. Namely, the warning signal is generated when 
the value dmin is smaller than zero. The value d min is a smaller one of the difference d mln1 (= D - Dw) between the 
vehicle-to-vehicle distance D and the warning threshold value Dw, and an adjusted difference d minB (D - DwB) between 
the distance D and the adjusted warning threshold distance DwB. 

[0107] There will next be described a manner of controlling the warning device 36, referring to the flow chart of Fig. 
13 illustrating a warning control program, which is repeatedly executed with a predetermined cycle time. 
[0108] The warning control program is initiated with step S1 to read the running speed V of the present vehicle 40 
and the running speed Vf and acceleration value u>g, and determine whether the positional relationship of the present 
and front vehicles 40, 42 falls within the warning-requirement region or safe region, according to the appropriate ine- 
qualities/equations described above. If the positional relationship falls within the warning-requirement region, the con- 
trol flow goes to step S2 read the value d m , n , and to step S3 to determine whether the value d m[n is smaller than zero, 
that is, whether the actual vehicle-to-vehicle distance D is shorter than the warning threshold distance D2. If the value 
d min is equal to or larger than zero, the warning device 36 is not activated even while the positional relationship lies 
within the warning-requirement region. If the value d roin is smaller than zero, step S4 is implemented to activate the 
warning device 36 to generate the warning signal. 

[0109] A manner of obtaining the value d ra]n in step S2 will be described. In the present embodiment, the warning 
threshold distance Dw is obtained on the basis of the free running time TO, critical time TO' and specific-deceleration 
coefficient Kb, which correspond to the dial-position value of the setting dial 33. The free running time TO, critical time 
TO' and specific-deceleration coefficient Kb are made longer or higher when the auto-control mode is selected. Further, 
the specific-deceleration coefficient Kb is changed with a change of the friction coefficient u. max of the roadway surface. 
[0110] Referring to the flow chart of Fig. 14, the dial-position value of the setting dial 33, the friction coefficient p. max 
of the roadway surface are read in step S51 , and the free running time TO, critical time TO' and specific-deceleration 
coefficient Kb are determined in step S52 on the basis of the dial-position value and according to the data map of Fig. 
5. Step S53 is then implemented to determine whetherthe auto-control switch 32 is in the ON state. If the auto- control 
switch 32 is in the OFF state, the control flow goes to step S54 to use the values TO, TO' and Kb as determined according 
to the data map of Fig. 5. If the auto-control switch 32 is in the ON state, the control flow goes to step S55 to change 
the determined values TO, TO' and Kb by predetermined amounts as indicated in one-dot chain lines in Fig. 6, for 
increasing the warning threshold distance Dw. More specifically described, the free running time TO and critical time 
TO' are increased, while the specific-deceleration coefficient Kb is reduced. 

[0111] Then, step S55 is implemented to estimate the deceleration value of the present vehicle 40 on the basis of 
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the specific-deceleration coefficient Kb and the friction coefficient u. max of the roadway surface. Since the estimation 
is effected on the basis of the friction coefficient of the roadway surface and the specific-deceleration coefficient Kb 
which reflects the ratio of utilization of the friction force between the roadway surface and the braked wheels, the 
accuracy of the estimation can be improved. Step S57 is then implemented to read the running speed V of the present 
vehicle 40, running speed Vf and the deceleration value uf»g of the front vehicle 42, and vehicle-to-vehicie distance 
D. Step S57 is followed by step S58 to obtain the warning threshold distance Dw, and adjusted warning threshold 
distances DwA, DwB. Then, the control flow goes to step S59 to obtain the values d rain1 , d m]nA and d minB , by subtracting 
the warning threshold distance Dw1 and the adjusted warning threshold distances DwA, DwB from the actual vehicle- 
to-vehicle distance D, respectively. Step S60 is then implemented to determine a smallest one of the values d min1 , 
d minA and dminB, as the value d min used to determine whether the warning signal should be generated. 
[0112] As described above, the warning threshold distance Dw is determined on the basis of the critical time TO' and 
specific-deceleration coefficient Kb, which are used as estimated braking-state quantities (brake operating character- 
istic values) that are estimated on the basis of the free running time TO set by the vehicle operator by the setting dial 
33, and the data map of Fig. 5 representative of the relationships between the critical time TO and the brake operating 
characteristic values. Accordingly, the warning signal can be generated at a timing that suits the specific brake operating 
characteristic or habit. Since the warning threshold distance Dw is made shorter when the dial-position value is relatively 
small than when the dial-position value is relatively large, there is a less possibility of generation of the warning signal 
when the dial-position value is relatively small than when it is relatively large, provided that the vehicle-to-vehicle 
distance D is constant. For instance, a hasty, prompt or highly locomotive vehicle operator or a vehicle operator who 
likes a sporty driving of the vehicle 40 sets the setting dial 33 to a relatively small dial-position value. In this case, the 
frequency of generation of the warning signal which is annoying to such vehicle operator is reduced. Further, the same 
vehicle operator may set the setting dial 33 to different dial-position values depending upon the metal state of the 
vehicle operator during running of the vehicle. This setting permits the generation of the warning signal at a timing that 
suits the specific metal state of the operator. Where a vehicle operator feels a shortage of sleep and tends to be careless 
during driving of the vehicle, the vehicle operator may increase the dial-position of the setting dial 33. In this case, the 
generation of the warning signal is not felt uncomfortable to the vehicle operator. 

[0113] Further, since the warning threshold distance Dw is made longer during running of the vehicle 40 in the auto- 
control mode, so that' the warning signal is generated at a comparatively early point of time. This arrangement is 
effective to prevent reduction of the operating safety in the auto-control mode in which the vehicle operator tends to 
be relatively relaxed. In addition, the determination of the specific deceleration value (u»g) on the basis of the friction 
coefficient of the roadway surface and the ratio of utilization of the friction force between the roadway surface and the 
vehicle wheels improves the accuracy of estimation of the deceleration value of the present vehicle 40. 
[0114] In the present embodiment described above, the data storage portion 14 constitutes a characteristic-value 
storage portion which stores the brake operating characteristic values, and a portion of the warning control device 1 0 
assigned to implement step S3 of the flow chart of Fig. 13 constitutes a major part of a threshold-value determining 
portion operable to determine a threshold distance Dw. Further, the data storage portion 14 storing the data map of 
Fig. 5 and a portion of the warning control device 10 assigned to implement steps S54 and S55 of the flow chart of 
Fig. 1 4 constitute a characteristic-value-relationship determining portion operable to determine relationships between 
the brake operating characteristic values. The wheel speed sensors 23 and the brake control actuator 52 constitutes 
a friction-coefficient obtaining portion operable to obtain the friction coefficient of the roadway surface. The character- 
istic-value-relationship determining portion determines the relationships on the basis of the obtained friction coefficient. 
[01 1 5] The relationships among the brake operating characteristic values may be changed on the basis of the running 
condition of the present vehicle 40, that is, the operating states of the accelerator pedal 26 and brake pedal 29 by the 
vehicle operator. The flow chart of Fig. 1 5 illustrates a program for changing the characteristic-value relationships. The 
program is initiated with steps S601 and S602 to determine whether the accelerator pedal 26 and the brake pedal 29 
are placed in the operated positions. 

[0116] While the accelerator pedal 26 is in operation, the control flow goes to step S603 to determine the free running 
time TO, critical time TO' and specific-deceleration coefficient Kb on the basis of the dial-position value of the setting 
dial 33 and according to the data map of Fig. 5. if neither the accelerator pedal 26 nor the brake pedal 29 is placed in 
the operated position, the control flow goes to step S604 to reduce the free running time TO and the critical time TO' 
as determined according to the data map of Fig. 5, by respective predetermined amounts AT0A and ATO'A. While the 
brake pedal 29 is in the operated position, the control flow goes to step S605 to reduce the free running time TO and 
the critical time TO' by respective predetermined amounts AT0B and ATO'B, which are larger than the predetermined 
amounts AT0A and ATO'A. The free running time TO and the critical time TO' may be made comparatively short during 
an operation of the brake pedal 29. 

[01 1 7] Although the first embodiment is arranged to determine the free running timeTO and critical timeTO' depending 
upon the dial-position value set on the setting dial 33, a predetermined constant free running time TO and a predeter- 
mined constant critical time TO' may be used. For instance, the free running and critical times TO, TO' may be zero. 
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Further, it is not essential to change both of the free running and critical times TO, TO' depending upon whether the 
accelerator pedal 26 and brake pedal 29 are in operation or not, but it is possible to change only one of the times TO, TO'. 
[0118] Further, the free running time TO may be detected during running of the vehicle. In this case, the vehicle 
operator is not required to manipulate the setting dial 33 to set the free running time TO. In this modified embodiment 

s of the invention, the free running time TO may be a minimum time duration between a moment at which the accelerator 
pedal 26 is released, and a moment at which the brake pedal 29 is depressed. This time duration represents the 
locomotive capacity of the vehicle operator. Namely, the time which has passed after the accelerator pedal 26 is re- 
leased is measured. The moment at which the accelerator pedal 26 is released is considered to be a moment at which 
the vehicle operator feels it necessary to apply a brake to the present vehicle 40. 

10 [0119] There will be described a manner of determining the free running time TO, by reference to the flow chart of 
Fig. 16. illustrating a free running time determining program. This program is initiated with step S701 to determine 
whether the operating state of the accelerator pedal switch 27 has been changed from the OFF state to the ON state. 
Step S701 is followed by step S702 to determine whether the brake pedal switch 30 is placed in the OFF state. If the 
accelerator pedal switch 27 is turned OFF while the brake pedal switch 27 is in the ON state, the control flow goes to 

is step S703 to initiate a measurement of a time PCT which has passed after the accelerator pedal switch 27 is turned 
OFF. The measurement of the time PCT is continued while the accelerator pedal switch 27 and the brake pedal switch 
30 are both held in the OFF state. That is, if it is determined in step S704 that the accelerator pedal switch 27 is in the 
OFF state, the control flow goes to step S705 to determine whether the time measurement is effected by a timer. If an 
affirmative decision (YES) is obtained in step S705, the control flow goes to steps S703 and S704 to continue the 

20 measurement of the time PCT. If it is not determined in step S704 that the time measurement is not effected by the 
timer, it indicates that the accelerator pedal switch 27 has not been turned from the ON state to the OFF state, but is 
held in the OFF state. In this case, the time measurement is not effected in step S703. 

[0120] When the brake pedal switch 30 has been turned ON, a negative decision (NO) is obtained in step S702, and 
the control flow goes to step S706 to determine whether the brake pedal switch 30 was placed in the OFF state in the 

25 last cycle. That is, step S706 is provided to determine whether the brake pedal switch 30 has been turned ON for the 
first time in the present cycle. If the brake pedal switch 30 was placed in the OFF state in the last cycle, the control 
flow goes to step S707 to read in the measured time PCT (between the moment at which the accelerator pedal switch 
27 was released and the moment at which the brake pedal switch 30 is turned ON), and to reset the timer. Step S707 
Is followed by step S708 to determine whether the time PCT is equal to or shorter than a shortest one PCT m , n (minimum 

30 time) of the time values PCT which have been measured so far. The shortest time PCT m , n is stored in the warning 
control device 1 0 as the minimum value PCT min (free running time TO). If the time PCT read in step S707 is equal to 
or shorter than the shortest time PCT m | n , an affirmative decision (YES) is obtained in step S708, and the control flow 
goes to step S7089 and S710 to set the time PCT as the minimum value PCT ra | n , that is, to update the free running 
time PCT min = TO. If the time PCT is longerthan the shortest time PCT raIn , a negative decision (NO) is obtained in step 

35 S70B, and the free running time PCT m , n is not updated. 

[0121] In the embodiment of Fig. 1 6, the minimum value of the times PCT which have been measured is used as 
the free running time TO. However, an average of the times PCT measured in the past may be used as the free running 
time TO. The free running time TO thus determines reflects not only the locomotive capacity of the vehicle operator but 
also the mental factors of the vehicle operator. 

40 [0122] In the illustrated embodiments described above, only the specific-deceleration coefficient Kb is changed ac- 
cording to the friction coefficient of the roadway surface, the free running time TO and the critical time TO' may also be 
changed according to the friction coefficient. For instance, the warning threshold distance Dw is desirably made longer 
when the vehicle is running on a snow-covered roadway surface. 

[0123] In the illustrated embodiments, the relationships of the free running time TO with the specific-deceleration 
45 coefficient Kb and the critical time TO' are stored in the data storage portion 1 4. However, the relationship of the free 
running time TO with one of the specific-deceleration coefficient Kb and critical time TO', or the relationship between 
the specific-deceleration coefficient Kb and the critical time TO' may be stored in the data storage portion 14. In this 
case, the critical time TO' may be set by the vehicle operator. 

[0124] While the brake operating characteristic-value relationships are prepared based on experimental data so as 
so to have a tendency of increasing the warning threshold distance Dw, as indicated by solid lines in the graphs of Figs. 
3 and 4, the characteristic-value relationships may be prepared based on average values of the experimental data. 
This arrangement permits generation of a warning signal at a timing that suits average vehicle operators having ordinary 
a brake operating characteristic or habit. Further, the characteristic-value relationships may be prepared so as to have 
a tendency of shortening the warning threshold distance Dw. This arrangement permits generation of the warning 
55 signal at a timing suitable for increasing the operating safety of the vehicle. 

[0125] The various equations, inequalities orformulas used to determine the warning threshold distance Dw are not 
limited to those in the illustrated embodiments. The warning threshold distance Dw may be determined according to 
any formulas which include at least one of the critical time TO' and the specific-deceleration coefficient Kb. 
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[0126] The principle of the present invention is applicable to a running of the present vehicle 40 so as to follow or 
trace the front vehicle 42, as well as a normal running of the present vehicle 40. 

[0127] While the presently preferred embodiments of this invention have been described in detail, for illustrative 
purpose only, it is to be understood that the present invention may be embodied with various other changes, modifi- 
s cations and improvements, such as those described in the SUMMARY OF THE INVENTION, which may occur to those 
skilled in the art, without departing from the spirit and scope of the invention defined in the following claims: 



1 . A warning apparatus for an automotive vehicle, operable to generate a warning signal when a distance between 
the vehicle (40) and an object (42) existing in front of the vehicle is shorter than a predetermined threshold value, 
characterized by comprising: 

15 a characteristic-value storage portion (1 4) which stores at least one characteristic-value relationship between 

at least two of a plurality of brake operating characteristic values (TO, TO', Kb) relating to a braking operation 
by an operator of the vehicle (40) to brake the vehicle; and 

a threshold-value determining portion (1 0 , S3) operable to determine said threshold value (Dw) of said distance 
(D), on the basis of at least one of: an estimated braking state of the vehicle (40) estimated on the basis of 
20 said at least one characteristic-value relationship stored in said characteristic-value storage portion; a running- 

state quantity indicative of a running state of the vehicle; and a moving-state quantity indicative of a moving 
state of said object (42). 

2. A warning apparatus according to claim 1 , wherein said characteristic-value storage portion stores at least two 
2s characteristic-value relationships of one (TO) of said plurality of brake operating characteristic values with respec- 
tive at least two other characteristic values (Kb, TO') of said plurality of brake operating characteristic values, and 
said threshold-value determining portion is operable to estimate at least two braking-state quantities indicative of 
a braking state of the present vehicle, on the basis of said one brake operating characteristic value (TO) and said 
characteristic-value relationships. 

30 

3. A warning apparatus according to claim 1 or 2, wherein said characteristic-value storage portion stores at least 
one characteristic-value relationship selected from a plurality of relationships between or among at least two of; 

(a) an operating-speed quantity (TO) relating to a speed of said braking operation by the operator to brake the 
vehicle (40); (b) a vehicle-deceleration quantity (Kb) relating to a deceleration value of the vehicle as a result of 

35 said braking operation by the operator to brake the vehicle; and (c) a relative-position quantity (TO') relating to a 

relative position between the vehicle and said object (42) upon said braking operation. 

4. A warning apparatus according to any one of claims 1 -3, wherein said characteristic-value storage portion stores 
at least one characteristic-value relationship selected from a plurality of relationships between or among at least 

40 two of: (a) a desired-safety-margin quantity (TO) relating to a safety margin desired by the operator in connection 
with said braking operation by the operator to brake the vehicle (40), (b) a required-vehicle-deceleration quantity 
(Kb) relating to a required deceleration value of the vehicle as felt by the operator upon said braking operation, 
and (c) a critical-relative-position quantity (TO') relating to a relative position between the vehicle and said object 
(42) at which the operator feels it necessary to initiate said braking operation. 

5. A warning apparatus according to any one of claims 1 -4, wherein said characteristic-value storage portion stores 
at least one characteristic-value relationship selected from a plurality of relationships between or among at least 
two of: (a) a promptness quantity (TO) relating to promptness of the operator to perform said braking operation; 

(b) an operating-force quantity (Kb) relating to an operating force to be produced by the operator to perform said 
so braking operation; and (c) a critical-relative-position quantity (TO 1 ) relating to a relative position between the vehicle 

and said object (42) at which the operator feels it necessary to initiate said braking operation. 

6. A warning apparatus according to any one of claims 1 -5, wherein said characteristic-value storage portion stores 
at least one of: 

55 

(a) a relationship between a braking-delay time (TO) between a moment at which the operatorfeels it necessary 
to initiate said braking operation and a moment at which said braking operation is actually initiated, and a 
deceleration value of the vehicle (40) to be established by said braking operation; and 
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(b) a relationship between said braking-delay time and a relative-position quantity (TO') relating to a relative 
position between the vehicle and said object (42) . 

7. A warning apparatus according to any one of claims 1 -6, further comprising a characteristic-value setting portion 
5 (33) man ually operable by the operator to set at least one (TO) of said at least two of said plurality of brake operating 

characteristic values (TO, Kb, TO'), and said threshold-value determining portion (10, S3) is operable to obtain said 
estimated braking state of the vehicle (40) on the basis of said at least one brake operating characteristic value 
(TO) set by said characteristic-value setting portion and said at least one characteristic-value relationship stored 
in said characteristic-value storage portion (14), said threshold-value determining portion determining said thresh- 
10 old value (Dw) of said distance (D) on the basis of said estimated braking state obtained. 

8. A warning apparatus according to any one of claims 1-7, further comprising: 

a friction-coefficient obtaining portion (23, 52) operable to obtain a friction coefficient of a roadway surface on 
15 which the vehicle (40) is running; and 

a characteristic-value-relationship determining portion (1 0, S55) operable to determine said at least one char- 
acteristic-value relationship on the basis of said friction coefficient obtained by said friction-coefficient obtaining 
portion. 

20 9. A warning apparatus according to any one of claims 1-8, further comprising: 

a running-environment obtaining portion (10) operable to obtain a running environment of the vehicle; and 
a characteristic-value-relationship determining portion (10) operable to determine said at least one character- 
istic-value relationship on the basis of said running environment obtained by said running-environment ob- 
25 taining portion. 

10. A warning apparatus according to any one of claims 1-9, further comprising: 

a running-state obtaining portion (1 0, S601 , S602) operable to obtain said running state of the vehicle; and 
30 a characteristic-value-relationship determining portion (1 0, S603-S605) operable to determine said at least 

one characteristic-value relationship on the basis of said running state obtained by said running-state obtaining 
portion. 

11. A warning apparatus according to any one of claims 1-10, wherein the vehicle has a controlled running mode in 
35 which said running state is controlled on the basis of a relative-position quantity (TO') relating to a relative position 

between the vehicle and said object (42), and said threshold-value determining portion (10, S3, S54, S55) deter- 
mines said threshold value (Dw) of said distance (D) such that the determined threshold value is larger when the 
vehicle is running in said controlled running mode, than when the vehicle is not running in said controlled running 
mode. 

40 

1 2. A warning apparatus according to any one of claims 1-11, furthercomprising a safety detecting portion (1 0) operable 
to determine whether a positional relationship between the vehicle (40) and said object (42) falls within a prede- 
termined safe region, and said threshold-value determining portion (10, S3) determines said threshold value (Dw) 
of said distance (D) when said safety detecting portion determines that said positional relationship does not fall 

45 within said safe region. 

13. A warning apparatus according to any one of claims 1-12, further comprising a running control portion operable 
to control said running state of the vehicle (40) on the basis of a relative-position quantity (TO 1 ) relating to a relative 
position between the vehicle and said object (42). 

14. A warning apparatus for an automotive vehicle, operable to generate a warning signal when a distance between 
the vehicle (40) and an object (42) existing in front of the vehicle is shorter than a predetermined threshold value, 
characterized by comprising a threshold-value determining portion (10, S3) operable to determine said threshold 
value (Dw) of said distance (D), on the basis of at least one of: 

55 

(a) an estimated braking-delay time (TO) which is an estimated time duration between a moment at which an 
operator of the vehicle (40) feels it necessary to initiate a braking operation to brake the vehicle and a moment 
at which said braking operation is actually initiated; 
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(b) an estimated vehicle deceleration value (Kb) which is an estimated value of deceleration of the vehicle as 
a result of said braking operation by the operator; 

(c) a critical-relative-position quantity (TO') relating to a relative position between the vehicle and said object, 
at which the operator feels it necessary to initiate said braking operation; and 

(d) a moving-state quantity indicative of a moving sate of said object. 

15. A warning apparatus for an automotive vehicle, operable to generate a warning signal when a relative-position 
quantity relating to a relative position between the vehicle and an object in front of the vehicle is on a predetermined 
one side of a predetermined threshold value on which a distance between the vehicle and said object is shorter 
than on the other side, characterized by comprising: 

a characteristic-value storage portion (14) which stores at least one characteristic-value relationship between 
at least two of a plurality of brake operating characteristic values (TO, TO', Kb) relating to a braking operation 
by an operator of the vehicle (40) to brake the vehicle; and 

a threshold-value determining portion (10, S3) operable to determine said threshold value of said relative- 
position quantity (TO') on the basis of at least one of an estimated braking state of the vehicle (40) estimated 
on the basis of said at least one characteristic-value relationship stored in said characteristic-value storage 
portion; and a moving-state quantity indicative of a moving state of said object (42). 

16. A warning apparatus for an automotive vehicle, operable to generate a warning signal when a distance between 
the vehicle and an object existing in front of the vehicle is shorter than a predetermined threshold value, charac- 
terized by comprising: 

a threshold-value determining portion (10, S3) operable to determine said threshold value (Dw) of said distance 
(D) on the basis of at least one of (a) a running state of the vehicle (40) and (b) a running environment of the 
vehicle, and at least one of (i) a running-state quantity indicative of said running state of the vehicle and (ii) a 
moving-state quantity indicative of a moving state of said object (42). 
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FIG. 9 
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